In this paper we report the development and test of a high sensitivity fiber Bragg grating (FBG) seismic sensor system for intrusion detection application. A high sensitivity FBG seismic sensor is designed and its sensitivity is above 1000pm/g. Unbalanced Michelson interferometer and Phase generated carrier(PGC)algorithm are adopted by the demodulation system. The system noise is below 10 -3 pm/ Hz and the minimum detectable seismic signal is below1μg Hz . The FBG seismic sensor has a maximum detection range of about 70 meters for human and about 200 meters for small wheeled vehicle.
INTRODUCTION
In recent years, fiber optic seismic sensors have attracted considerable research interest [1] [2] [3] [4] . This is due to their advantages of low noise floor, high sensitivity, and large dynamic range, immunity to electromagnetic interference, extreme robustness and reliability. Their application in intrusion detection, oil and gas exploration, structural health monitoring is attracting more and more interest.
In this paper we report the development and field test of a very high sensitivity fiber Bragg grating (FBG) geophone for intrusion detection application.
The paper is arranged as follows. Section 2 describes the principles of FBG seismic sensor system. Section 3 describes the performance of FBG seismic sensor system. Section 4 describes the test and results. Then the conclusion and acknowledgments is given.
PRINCIPLES OF FBG SEISMIC SENSOR SYSTEM
Principle of FBG seismic sensor sensing is illustrated in Fig. 1 . The mass is mounted at the end of the L type cantilever beam as the inertia sensing component. The fiber grating is pre-stretched over the cantilever beam. When the FBG seismic sensor sense the seismic signal, the mass moves relative to the housing, the FBG is stretched or shrunk, resulting in the strain change and then the reflection wavelength of the FBG is changed. The wavelength shift   is proportion to the strain change   ,
where  is the FBG wavelength, the factor 0.78 accounts for stress-optic coefficient. Schematic diagram of FBG seismic sensor system is illustrated in Fig. 2 . An Amplified spontaneous emission (ASE) source is used, and its spectral width is 40nm. 16 FBG seismic sensors are wavelength division multiplexed from C62 to C17, and the wavelength interval is 2.4nm.
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Interferometer Detector The output of the FBG seismic sensors are injected into an unbalanced Michelson interferometer (MI). Then the wavelength shift   of the fiber laser sensor is converted into phase shift, the interferometer phase shift   is given by
where L is the fiber path imbalance in the MI (L=5mm), n is the effective refractive index of the interferometer fiber. To eliminate the signal-fading caused by the initial phase shifts of the MI, a 5kHz sinusoidal voltage signal is applied to the piezoelectric tube (PZT) cylinder in one arm of the MI, then the phase modulation carrier is generated. 
PERFORMANCE OF FBG SEISMIC SENSOR SYSTEM
The photo of two packaged FBG seismic sensor is illustrated in Fig. 4 . The frequency response of the FBG seismic sensor is tested and the result is shown in Fig. 5 . The sensitivity of the FBG seismic sensor is above 1000pm/g. Fig. 4 . The photo of packaged seismic sensors. Fig. 5 . Frequency response of a FBG seismic sensor.
The system and noise level of FBG seismic sensor in the frequency range from3Hz to 500Hz is shown in Fig. 6 . It can be observed that the system noise level is about 10 -3 pm/ Hz (60dB re pm). Fig.5 and Fig.6 , the acceleration sensitivity is 1000pm/g and the noise floor is 10 -3 pm/ Hz @ 40Hz. According to Eq.
(3), the noise equivalent acceleration is 1μg/ Hz @ 40Hz.
TEST AND RESULT
In Laboratory of vibration and shock of National Institute of Measurement and Testing Technology, which located in Weihai City of Shandong Province, the performance of FBG seismic sensors are tested together with current state-of-the art coil and MEMS geophones. Frequency response, linearity, sine and pulse signal response of 3C fiber laser and other geophones are tested simultaneously on the shaker. Noise level and small sine signal response are tested simultaneously.
As can be seem from Fig.7 , The lab test results show that the FBG seismic sensor has significantly better performance in very small sine signal detection, and it is crucial for weak micro-seismic signal detection. 
CONCLUSION
In this paper we report the development and test of a high sensitivity fiber Bragg grating (FBG) seismic sensor system for intrusion detection application. The performance of FBG seismic sensors are tested both in laboratory and the field test. FBG seismic sensor has significantly better performance in very small signal detection, and it is crucial for weak micro-seismic signal detection. The FBG seismic sensor has a maximum detection range of about 70 meters for human
